Abstract 1RXS J201607.0+251645 is identified to be an eclipsing binary. We present the preliminary observations in V band with the 0.6-m telescope for three years and the extensive observations in V and R band with the 0.8-m telescope for six nights, respectively. The light curve of the system is EB type. Five light minimum times were obtained and the orbital period of 0.
INTRODUCTION
Algol type binaries are eclipsing variables with the less massive component filling its Roche lobe and transferring material to its companion (Ziolkowski 1969; Proper 1989) . They are X-ray emitters (Shaw & Cailiault 1996) , similar to solar analogues such as RS CVn binaries (Umana et al. 1991) . The driving mechanisms of X-ray emission in these systems remain unsolved though are generally thought to be related to large scale mass transfer (Sarna et al. 1998) , chromospheric activity on the components (Hall 1989; Retter et al. 2005) , or hot disk (Blondin et al. 1995) . Finding more of them may help to shed light on their X-ray nature.
The optical variability campaign for strong X-ray sources with the 0.6-m telescope at the Xinglong observatory was launched in 2005, aiming to study long term chromospheric activity of young stars. Containing about 200 objects (much have never been identified) in the sample selected from the ROSAT bright source catalog (RBS) (Voges et al. 1999 ′′ from the X-ray position. Thus HD 339946 is taken as the optical counterpart of 1RXS J201607.0+251645. It is listed in SIMBAD as a G5 star, with V band magnitude of 10. m 6. No previous variability description could be found in General Catalogue of Variable Stars (GCVS) (Kholopov et al. 1998 ) and other literature.
OBSERVATIONS AND THE ORBITAL PERIOD
Our first set of photometric observations of 1RXS J201607.0+251645 was performed with the 0.6-m telescope at the Xinglong observatory from Nov. 2005 to Sep. 2007 . Typical observing frequency is several times per night under auto-observation mode. A PI 1024×1024 CCD and Standard Johnson V filter were used. The field of view is 17 ′ × 17 ′ (Xing et al. 2006 ). Preliminary analysis had revealed the eclipsing effect of the target. In order to investigate its eclipsing nature in more detail, extensive observations were conducted in Nov. 2008 with the 0.8-m Tsinghua-NAOC telescope (TNT) at the Xinglong observatory. TNT employs a PI 1340×1300 CCD, giving the field of view of 11 ′ × 11 ′ (Zheng et al. 2008) . Standard Johnson V band and R band light curves were obtained. Finding chart made from a V −band CCD image taken by the 0.8-m telescope is shown in Figure 1 , with the comparison star and the check star marked as C1 and C2 (Table 1) , respectively.
All photometric reductions were performed with IRAF 1 including bias and dark subtraction and flatfield correction. No differential extinction was applied since the angular distances of all the stars were small. The resulting photometric accuracy is estimated to be 0.
m 01 for observations with the 0.6-m telescope and 0. m 005 for those with the 0.8-m telescope.
For preliminary observations, phase folded diagrams in Figure 2 were plotted with a period of 0. d 388 obtained with the phase dispersion minimization (PDM) method (Stellingwerf 1978) .
In 2008, we obtained 648 and 645 extensive observations in V and R bands, which are shown in Figure  3 and listed in Appendix 1. The light curves vary continuously between eclipses, indicating that the system is an EB type eclipsing binary (Sterken et al. 2005) . The amplitudes of various light are 0.
m 52 and 0. m 51 in V and R bands, respectively. The primary eclipse is deeper than the secondary eclipse by up to 0. m 32 in V band and 0.
m 29 in R band. Five light minimum times were obtained in the extensive observations (Table 2) . Using the linear leastsquare method, the ephemeris formula could be given as follows: M in.I. = HJD2454771.6336(±0.0037) + 0.388058(±0.00044) × E.
(1)
PHOTOMETRIC SOLUTION
The photometric solution was made with the 2003 version of Wilson-Devinney program (Wilson & Devinney 1971; Wilson 1990 Wilson , 1994 . Before running the DC program, a series of input parameters were fitted. The temperature of the primary component was initially set at 5160K (Cox 2000) , in accordance with the G5 dwarf spectral type given in SIMBAD (operated at CDS). The gravity-darkening coefficients g 1 and g 2 were set with the same value of 0.32 (Lucy 1967) , assuming convective atmospheres of the two components. The bolometric albedos were fixed as A 1 = A 2 = 0.5 (Rucinski 1973) . Linear limb-darkening coefficients for Star 1 were x 1V = 0.65 and x 1R = 0.51, respectively (Al-Naimiy 1978). Meanwhile the limb-darkening coefficients for Star 2 (i.e., x 2V and x 2R ) were determined according to its temperature T 2 . Based on the temperatures, convective atmospheres were assumed. The commonly adjustable parameters employed are the orbital inclination i, the mass ratio q, the mean temperature of Star 2 T 2 , the potential of the components Ω 1 , the monochromatic luminosity of Star 1 L 1 . The reflection effect was computed with the detailed model of Wilson (1990) . The relative brightness of Star 2 was calculated by the stellar atmosphere model. To find a photometric mass ratio, solutions were obtained for a series of trial values of the mass ratio (q = 0.2 − 2.0). For each value of the mass ratio, the calculation started at mode 2 (i.e., detached mode), but the solution always converged to mode 5 (i.e., semi-detached mode), suggesting the secondary has The ROSAT Bright Source 1RXS J201607.0+251645: An Active Algol-type Binary 3 completely filled its Roche lobe. Corresponding mass ratios and squared residuals are plotted in Fig.4 , where the smallest value of Σ(O − C) 2 i is locating at q ∼ 0.8. At this point, the set of adjustable parameters was expanded including the mass ratio q. After a few trials and correction of mass ratio, a best-fit solution was achieved at q = 0.895(±0.006). The photometric elements are listed in Table 3 . Synthesis light curves as solid lines are plotted in Figure 5 , where the quality of the fits is fairly well in the V and R bands.
DISCUSSIONS

Optical variability outside eclipse
As shown in Fig.2 , earlier observations had revealed the existence of O'Connell effect (Milone 1968) in 1RXS J201607.0+251645, which was varying along the time. To carefully examine how this asymmetry varied, we plot the primary maximum brightness (M ax.I, in magnitude), the secondary maximum brightness (M ax.II, in magnitude) and the values of M ax.II − M ax.I of each phase folded diagram, as shown in Fig. 6 The varying O'Connell effect is also reported in other active binaries, such as GR Tauri (Gu et al. 2004) , U Pegasi (Djurasevic 2001) , XY UMa (Pribulla et al. 2001 ) and EQ Tau (Yuan & Qian 2007) , in which the varying O'Connell effect is usually modeled and explained by the development and migration of hot spots (Gu et al. 2004) or dark spots (Yuan & Qian 2007; Djurasevic 2001; Pribulla et al. 2001 ).
So we suggest that either chromospheric activity (Strassmeier et al. 1989; Strassmeier & Bopp 1992; Strassmeier et al. 2008) or the impact of transferred mass stream onto the primary star (Pereira et al. 2006; Ibanoglu et al. 2006 ) is very strong in our target. Also, the actual situation is likely to be the combination of both processes.
The X-ray emission
Based on the conversion relation given by Schmitt (1995) :
the ROSAT count-rate of 0.111±0.016 c/s and hardness ratio HR1=0.07±0.13 of 1RXS J201607.0+251645 yield a 0.1-2.4 keV flux of 9.6 × 10 12 erg cm 2 s −1 . Its distance is 19.9
+292.6 −9.6 pc, corresponding to the parallax π = 50.30 ±47.10 mas (ESA 1997) . Hence logL X = 28.7 +2.4 −0.6 erg s −1 . Combining its apparent magnitude of 10. m 6, we got logL X /L bol ∼ −3.27. Since the source is locating outside nearby molecular cloud, interstellar absorption should be marginal. As for the internal absorption, it's hard to be estimated (Feigelson et al. 2002; Stassun et al. 2004) .
Our calculated logL X is a little lower comparing to statistic values of near-contact binaries made by Shaw et al. (1996) , while logL X is in the range of 29.09 to 30.55 ergs s −1 . However, it is still consistent with their study, if taking into account the large uncertainty of distance. In fact, the value of log L X /L bol is more reliable, since it is independent of distance. It is falling in the high end of statistic range of -3.2 to -4.1, suggesting the binary is X-ray luminous.
The X-ray emission in the Algol systems are generally considered to originate from chromospheric activity, interacting material, hot (> 10 6 K) disk (Richards & Albright 1993; Retter et al. 2005) or extended "halo" that pervades the entire system (Siarkowski et al. 1996) . Chromospheric activity is the most possible mechanism for our target. Since both components of our target are cool stars with effective temperature lower than that of the Sun, the surfaces on the two components should be in deep convective. It is generally believed that convective motions generate acoustic and MHD waves that propagate upward and heat the chromosphere and corona (Sarna et al. 1998) , which can account for the strong X-ray emission in this system. If true, thus its variability outside eclipse could be easily understood, because strongly convective envelope of cool stars can also account for comparative amount of dark spots. Besides, the X-ray emission might also attribute to the the interaction between infalling stream and the star (Sarna et al. 1998) or extended "halo" that pervades the entire system (Siarkowski et al. 1996) . We do not exclude their possibilities in our target, for the near-contact configuration of the system, as discussed in later section. For the mechanism of hot disk, spectral observation is needed to identify its existence or absence.
The evolutionary status
The photometric solution suggests that 1RXS J201607.0+251645 is a semi-detached binary, with the less massive component already filling up its Roche lobe. For the primary, the size of its Roche lobe can be determined according to the formula (Eggleton 1983 )
And the fill-out factor is defined as f = r/R (Zhai et al. 1989) , where r denotes the mean relative radius. With the above two relations, the filling factor of the primary is calculated to be 93.4%. This implies that the primary star is very close to fill up its Roche lobe. Therefore, we may infer that the two components of 1RXS J201607.0+251645 is in near-contact (Shaw 1994) .
Suppose the primary is a main-sequence star, its mass and radius could be given as Cox 2000) , according to its spectral type G5. The secondary component should be a K5 type star, according to its temperature given by the photometric solution. Meanwhile, with mass ratio and radius ratio, we could derive the absolute parameters of the secondary as
This calculation gives an oversize configuration to the secondary component.
Statistics show that semi-detached short-period (P<5d) Algols should have lost significant amount of angular momentum (Ibanoglu et al. 2006) . If angular momentum loss is continuing in this binary, we could expect that its orbital period is decreasing (Yang & Wei 2009 ). With the on-going mass transfer, 1RXS J201607.0+251645 may be in thermal oscillation predicted by thermal relaxation oscillation theory (Lucy & Wilson 1979 ). Another possibility is that it will fill up its primary component and finally evolve into a contact binary (Bradstreet & Peter 1994) .
CONCLUSION
1RXS J201607.0+251645 is identified to an EB type eclipsing binary based on the morphology of its light curve. The photometric result reveals that it is a semi-contact Algol type system with the less massive component completely filling its Roche lobe. The photometric mass ratio and the orbital period are 0.895(±0.006) and 0.
d 38805, respectively. Optical variability outside eclipse of the system showed varying O'Connell effect in its phase folded light diagrams, which is likely due to hot spots generated by accretion or dark spots from chromospheric activity. The system is X-ray luminous with logL X /L bol ∼ −3.27. The actual process that account for its X-ray emission is not clear yet, nevertheless, possible mechanisms are discussed. The system is likely to comprise a G5 primary and an oversize K5 secondary. It may be in thermal oscillation or may evolve into a contact binary. Table 3 Light-curve solution for 1RXS J201607.0+251645. 
